The adult eye of Drosophila is a highly ordered structure composed of about 800 ommatidia, each displaying precise polarity. The planar polarity is reflected in the mirror-symmetric arrangement of ommatidia relative to the dorso-ventral midline, the equator. This arrangement is generated when ommatidia rotate towards the equator and the photoreceptor R3 displaces R4 creating different chiral forms in each half. Analysis of ommatidia mosaic for the tissue polarity gene frizzled (fz) has shown that the presence of a single Fz + photoreceptor cell within the R3/ R4 pair is critical for the direction of rotation and chirality. By analysing clones mutant for seven-up (svp), in which R3/R4 precursors reside in their normal positions and become photoreceptor neurones but fail to adopt the normal R3/R4 fate, we find that the R3/ R4 photoreceptor subtype specification is a prerequisite for planar polarisation in the eye. Moreover, in mosaic R3/R4 pairs we find that the svp − cell always adopts the R4 position. This bias is reminiscent of what happens in fz mosaic R3/R4 pairs, where the fz − cell also almost always adopts the R4 position. In addition, we find that in genotypes where too many cells adopt the R3/R4 fate, ommatidial polarity is also disturbed. Taken together, these data imply that correct specification of a single R3 cell per ommatidium is essential for the normal interpretation of the Fz-mediated polarity signal.
Introduction
The development of a multicellular organism from a single cell requires the determination of many cell types and the organisation of these cells into specific patterns and organs. A poorly-understood, but important element of pattern formation is the generation of cellular polarity along the proximal-distal, antero-posterior or dorso-ventral axes within a single cell, or group of cells during organogenesis. Such planar polarisation is a widespread phenomenon required for organ and epithelial patterning in invertebrates and vertebrates (Eaton, 1997) .
In Drosophila, planar polarity is manifested in the regular arrangement of cuticular hairs and bristles pointing posteriorly on the body, or distally in the appendages (e.g. wing) and in the compound eye. In the eye, polarity is also reflected in the mirror-symmetric arrangement of the ommatidial units relative to the dorso-ventral midline, the equator. The tissue polarity genes of Drosophila are required for the correct establishment of planar polarity in the epidermal structures (reviewed and (Gubb and García-Bellido, 1982; Adler, 1992) ). One of these genes, frizzled (fz), encodes a serpentine receptor-like transmembrane protein required for reception and transmission of a polarity signal (Vinson et al., 1989; Zheng et al., 1995) . The transduction of this signal requires the function of another tissue polarity gene, dishevelled (dsh) (Krasnow et al., 1995) . Little is known about the nature of the signalling pathways involved in establishing planar polarity except that Dsh acts downstream of Fz (Krasnow et al., 1995; Strutt et al., 1997) , and that the RhoA p21 GTPase acts at a point downstream of Dsh (Strutt et al., 1997) .
The compound eye is a highly ordered structure consisting of approximately 800 ommatidia, each of which exhibits a characteristic orientation with respect to the equator. Pattern formation in the eye imaginal disc begins in the early third instar larval stage, when a wave, the morphogenetic furrow (MF), passes across the eye disc in a posterior-toanterior direction (Tomlinson, 1988; Ready, 1989; Wolff and Ready, 1991a) . Cells within the epithelium are unpatterned until the MF passes through. In and behind the MF cells begin to organise into ommatidial preclusters. When the preclusters initially emerge from the furrow they have a single bilateral antero-posterior axis of symmetry. However, subsequently they rotate such that by row 6 (posterior to the MF) the preclusters have rotated by 45°away from the antero-posterior axis. They maintain this angle of rotation for a few rows before rotating by a further 45°, so that they are finally 90°to the original antero-posterior axis. This rotation proceeds in opposite directions within the dorsal and ventral halves of the eye disc. Concomitant with the rotation, the ommatidial preclusters also lose their initial symmetry, with the R3 precursor displacing R4. This is most apparent in the adult eye: in the dorsal half of the eye, the R3 cell points dorsally within the trapezoidal arrangement and in the ventral half it points ventrally, with the two chiral ommatidial forms meeting at the equator. Thus, ommatidial rotation and the asymmetry of the photoreceptor cells within each cluster imposes a mirrorimage symmetry across the dorso-ventral axis of the eye (Gubb, 1993; Ready, 1989; Tomlinson, 1988 ; see also Fig.  1 ).
Although the mechanisms regulating the formation of this symmetry are poorly understood, several studies have shown that the tissue polarity genes are required for the correct packing of the ommatidia into an ordered array (reviewed in Gubb (1993) ). Mutations in fz, dsh and prickle-spiny legs (pk-sple) result in the loss of mirrorimage symmetry, with ommatidia being misrotated and having incorrect chiral forms (Gubb, 1993; Theisen et al., 1994; Zheng et al., 1995) . In fz and dsh mutants ommatidial preclusters rotate randomly and establish ommatidia with random chirality, and in some ommatidia the R3/R4 cells do not realign themselves, giving rise to non-chiral, symmetrical ommatidia (Strutt et al., 1997; Zheng et al., 1995 ; see also Fig. 1) .
Analysis of fz mosaic ommatidia has shown that the presence of a single wild-type photoreceptor cell among the R3 and R4 pair is critical (and sufficient) for the establishment of polarity (Zheng et al., 1995) . Mosaic clusters with only the R3 precursor wild type for fz adopt the correct chirality and rotate accordingly. Interestingly, a similar mosaic cluster with a wild-type R4 precursor and a mutant R3 will almost exclusively adopt the wrong chiral form and rotate in the direction opposite to that which would be normal for the respective half of the eye (Zheng et al., 1995) . These observations have led to a model in which competition between the R3 and R4 precursors in receiving the Fzmediated signal is critical in determining where the equator is situated. They are also consistent with the idea that a polarity signal emanates from the equator and that the R3 precursor (closer to the equator in wild type) normally receives the signal earlier or in larger amounts and thus is different with respect to R4. Overexpression experiments support the idea that the difference between R3 and R4 in terms of Fz signal reception is critical for the determination of polarity, as expression of Fz in both R3 and R4 driven by the sevenless-enhancer GAL4 (sev-GAL4) construct causes very similar polarity defects (random rotation and chirality) as the fz mutants (Strutt et al., 1997) .
Are the R3 and R4 precursors just two cells in the right place to receive and interpret the polarity signal or is their particular identity essential to this aim? In wild-type discs the R3/R4 precursors always have their exact position in each precluster (with R3 being closer to the equator) and thus this arrangement might be sufficient for their ability to respond differentially to the polarity signal. However, it is not clear whether these cells need to be specified as the R3/ R4 precursor pair or at least as photoreceptor neurones in general. Moreover, since cell-fate induction and specification occur simultaneously with the establishment of polarity, it is not known whether or not these signalling events depend on one another.
Here we address these issues and ask whether or not celltype specification of R3/R4 is necessary for planar polarisation using the seven-up (svp) gene. Svp encodes a member of the nuclear receptor superfamily and has been shown to cellautonomously and specifically affect the fates of the R3/R4 and R1/R6 photoreceptors, in which it is normally expressed (Mlodzik et al., 1990) . In svp mutant ommatidia, R3 and R4 (and also the R1/R6 pair) remain photoreceptor neurons but are transformed to the R7 subtype of photoreceptors as shown by their morphology, the expression of R7-specific rhodopsins and their partial dependence on the R7-inducing Sevenless signal (Mlodzik et al., 1990) . Moreover, expression of Svp in R7 and other precursor cells within the developing cluster can transform these to the R3/R4 subtype (Begemann et al., 1995; Hiromi et al., 1993) . By analysing clones of different svp alleles in adult eyes and imaginal discs, we find that Svp-mediated subtype specification is a prerequisite for normal planar polarisation in the eye. This indicates that the R3 and R4 precursors do not respond correctly to the polarity signal if they are not specified as the R3/R4 pair, and that cell-fate induction/specification must precede the polarity signal.
Results

Rotation and chirality are affected in mosaic svp mutant ommatidia
To test whether normal R3/R4 determination is necessary for the establishment of correct polarity, we analysed svp mutant clones with respect to ommatidial rotation and chirality. The alleles used in this study were svp e22 (a putative null allele), svp e300 and the hypomorphic P-enhancer trap allele svp 07482 (see Section 4). Due to the cell-fate specification defects in svp mutant ommatidia, it is difficult to assess the orientation of clusters in which all the cells are derived from mutant tissue. However, at the border of clones the cellular arrangement in Fig. 1 . The arrangement of ommatidial units in the wild-type eye. Anterior is to the left and dorsal is up. (A) Equatorial region of an eye disc, stained for expression of a svp-lacZ enhancer trap. Expression is initially seen in photoreceptor precursors R3 and R4, and later at lower levels in R1 and R6 as well (Mlodzik et al., 1990) . In row 4, where expression is first detected, the preclusters are only negligibly rotated from their original axis of symmetry along the antero-posterior (A/P) axis. By row 6, clusters are rotated 45°towards the equator (dotted line). (B) Schematic drawing illustrating ommatidial rotation occurring in third instar eye imaginal disc. When ommatidial clusters emerge from the MF, their axis of symmetry is in the A-P axis (grey arrows; with the R8 cell defined as lying at the apex of the cluster). By row 6, the clusters have rotated 45°towards the equator (black arrows indicate clockwise rotating clusters, red arrows anti-clockwise). They maintain this orientation for a few rows before rotating a further 45°, becoming finally 90°from their original axis, pointing towards the equator. During rotation, the ommatidia also acquire asymmetry with R3 displacing R4, leading to the establishment of opposite chiral forms on either side of the equator (indicated by tails on arrows). This arrangement is then maintained through adult life. (C) Tangential section of an adult eye (left) at the R7 level and schematic drawing (right), displaying ommatidial arrangement around the equator (yellow line in left panel, green line in right). All ommatidia face the equator, with opposite chiral forms (which do not share rotational symmetry) present on each side (black arrows: dorsal identity; red arrows: ventral identity). (D) Magnification of R7-level ommatidia, highlighting the relationship of arrows used in schematic drawings to actual photoreceptor arrangement. Numbers indicate identity of individual photoreceptors in wild-type. Left panel, wild-type ommatidium; middle, non-chiral ommatidium with two cells adopting the R4 position (4*); right, non-chiral ommatidium with two cells adopting the R3 position (3*). mosaic ommatidia is close to wild type and allows the analysis of ommatidial polarity. Moreover, in the hypomorphic alleles (e.g. svp 07482 , see Fig. 2B ) the transformation of R3/ R4 and R1/R6 to R7 is incomplete and thus more ommatidia can be scored with respect to their polarity. Unlike the strong svp e22 allele, where polarity defects are scorable only at the border of the clones, the hypomorphic allele displays all the polarity defects throughout the mutant tissue (Fig. 2C ). Fig. 2 shows two examples of tangential sections through adult eyes carrying such svp clones. Although the strong allele, svp e22 ( Fig. 2A ) displays a more severe perturbation of PR recruitment, both alleles show similar disruption of the ommatidial polarity: ommatidia that have adopted the wrong chiral form can be observed (Fig. 2) . In addition, some ommatidia fail to adopt any chiral form remaining symmetrical. In such ommatidia there is no distinction between R3 and R4 and the two cells appear to have both adopted either the R3 or R4 position (Fig. 2 , compare to Fig. 1 ). The analysis also reveals that not only is the process of the establishment of chirality affected, but also the correct degree of rotation is disrupted. Some mutant ommatidia have not rotated at all, while others have rotated only 45°and some seem to have continued the rotation beyond the normal 90° (Fig. 2) .
The polarity defects observed in svp mutant clones are primary defects
While the analysis in adult clones suggests that the correct specification of the svp-dependent PRs is important for the interpretation of the polarity signal, it is not conclusive. Previous studies have shown that several mutations affecting eye development cause visible polarity defects in the adult eye without affecting ommatidial rotation (and thus At the border of the clones mosaic ommatidia display polarity defects typical of the tissue polarity mutants: misrotations, wrong chirality or symmetrical, non-chiral ommatidia. Note that the recruitment phenotype associated with svp is weaker in the hypomorphic svp 07482 allele, which allows more ommatidia to be assessed regarding their polarity.
interpretation of a polarity signal) in the developing eye imaginal disc (Fu and Noll, 1997; Wolff and Ready, 1991b) . In such cases the observed distortion of polarity appears to be a secondary defect due to the incorrect packing of the ommatidia during the pupal stage of development. To rule out this possibility our analysis was extended to the third instar eye imaginal disc. Clones of svp mutant cells were generated using the same svp alleles mentioned above, and were marked by the absence of expression of cytoplasmic b-gal (see Section 4). In the case of svp e22 clones, the R3/R4 pair was visualised with an antibody that recognises the Spalt-related (Salr) protein, which is specifically expressed in the R3/R4 nuclei for six rows behind the morphogenetic furrow. In the case of the svp 07482 P enhancer detector allele, the svp-mediated lacZ expression (Section 4), which provides nuclear b-gal expression in the R3/R4 and R1/R6 pairs, was used to assess polarity and rotation defects.
In all the clones that were analysed (Fig. 3) , we detected (either inside the clone or at its edge) R3/R4 pairs whose axes point towards abnormal directions with respect to the wild-type orientation of all the other pairs. Interestingly, such clusters are misrotated by approximately 45°or 90°f rom their wild-type neighbours. Presumably the pairs that are misrotated by 45°will result in clusters that will not have rotated at all or only to a marginal extent. Those pairs whose axes differ by 90°from normal neighbours probably rotate in the wrong direction and this might also result in the choice of the wrong chiral form. In summary, these data rule out the possibility that the defects manifested in the adult eye svp clones are only a secondary effect due to incorrect packing of the ommatidia during pupal stages, and are therefore indicative of an early requirement of svp in the correct establishment of polarity.
The R3/R4 pair needs to be specified for normal ommatidial polarity
The clones described above were generated with the FLP/ FRT (Xu and Rubin, 1993) system and a P(mini-w + , armlacZ) as clonal marker (Section 4). However, due to the low levels of pigment expressed from this P(mini-w + , arm-lacZ) these experiments did not allow unambiguous single cell resolution analyses within mosaic clones. To determine the relative importance of the different photoreceptors affected by svp in the establishment of ommatidial polarity we generated clones using a P(w + ) marker that drives wildtype levels of pigment expression to allow the assessment of the genotype of every single photoreceptor. Clones generated using the strong svp e22 and the hypomorph svp e300 alleles and such a P(w + ) marker are shown in Fig. 4 . With both alleles some mosaic ommatidia were found that adopted the wrong chiral form when one cell of the R3/R4 pair was mutant, while other mosaic ommatidia with mutant R1 or R6 behaved normally (Fig. 4) . Interestingly, the svp − cell of the R3/R4 pair always assumed the R4
position. This observation is strikingly similar to the R3/R4 bias observed in fz mosaic ommatidia (Zheng et al., 1995) suggesting that in both cases a similar defect in the polarity decision of a single ommatidium occurred. clones. (C) svp 07842 clone. The discs were stained for b-gal expression (red) to mark mutant clonal tissue by its absence, and for Spalt-related (green) (A,B) and the endogenous nuclear svp-lacZ expression (green, (C)) to visualise nuclear staining in R3/R4 precursors. Right panels show nuclear marker expression (green), and left panels show the overlay of the nuclear marker with the clonal marker (red). To distinguish between nuclear and cytoplasmic b-gal staining in (C) we have created an artificial double label by using a cut-off option for lower intensity staining (cytoplasmic) resulting in the visualisation of only the strong nuclear expression (green). Thus all nuclei appear yellow in the overlay in (C). The axes of two wild-type and some mutant clusters are indicated with a white arrow in the right panel. Some examples of misrotated clusters are highlighted with white arrowheads. The presented data are typical examples originating from 24 clones analysed. It is worth noting that the expression of Salr is lost in some cells within svp e22 clones, as is the nuclear b-gal expression in the svp 07482 clones. This might be explained by the fact that the cells affected have lost R3/R4 identity and thus the expression of Salr or Svp, or it might suggest that Salr expression is controlled by svp and that svp itself is also required for its own maintenance.
Transformation of the R2/R5 fate into R3/R4 affects ommatidial polarity
The experiments described above have shown that the loss of R3/R4 cell fate affects the establishment of correct planar polarity in the eye. Next we wanted to ask the complementary question, whether or not the presence of additional R3/R4 cells could also have an effect on ommatidial polarity.
Mutations in the rough (ro) gene cause the mis-specification of R2 and R5 and their transformation to a R3/R4 pair as seen by their expression of svp and their dependence on svp to develop as outer photoreceptors (Heberlein et al., 1991) . This genetic tool was used to address the issue mentioned above and the analysis was conducted in the third instar larval eye imaginal disc when polarity is established. A disc from a larva homozygous for the ro 1 allele is shown in Fig. 5 . The staining highlights the R3/R4 cells expressing nuclear b-gal due to the presence of the svp AE127 enhancer detector.
Due to the presence of multiple R3/R4 cells in most preclusters it is difficult to unambiguously assess the orientation (and thus direction and degree of rotation) of all the respective ommatidia. Nevertheless, in many ommatidial preclusters the axis of the R2/R5 (transformed to R3/R4) and R3/R4 precursors is clearly abnormal with respect to their position in the disc (Fig. 5) . Furthermore some clusters, with only two cells expressing the svp-lacZ marker, display defects similar to those observed in svp mutant clones with some of them oriented at 45°and some at 90°w ith respect to the wild-type situation (see clusters highlighted in Fig. 5 ). This observation could be explained by the presence of additional R3/R4 cells, which express the enhancer trap marker at levels below the sensitivity of detection. Alternatively such clusters might receive confusing input from the surrounding abnormal clusters. Although the arrangement of the photoreceptors in ro mutant adult eyes is too disordered to allow an assessment of their polarity (data not shown), clonal analysis of either ro or svp, ro mutant clones shows cell autonomous behaviour, arguing in favour of the first explanation. Moreover, ro mosaic ommatidia with mutant R3 and R4 cells behave like wild type with respect to ommatidial polarity (data not shown), demonstrating the strictly cell autonomous requirement of ro in R2/R5 to prevent their differentiation as R3/R4 (Heberlein et al., 1991) .
In summary, these data indicate that the presence of an increased number of R3/R4 cells in a single ommatidium impairs the ability of the cluster to read and interpret the polarity information.
Discussion
An interesting problem in eye development relates to the patterning within the planar epithelium. Analysis of the requirement of the tissue polarity gene frizzled (fz) in mutant clones and mosaic ommatidia revealed a correlation between the genotype of the R3 and R4 precursors and the adoption of polarity by the ommatidium, while such a correlation was not present for any other photoreceptor pair. These observations raise an interesting question about the role of R3/R4 precursors in the establishment of polarity and the relationship of this process to photoreceptor specification. Fig. 4 . The svp − cell adopts the R4 position in mosaic ommatidia. Tangential section of adult eye clones of the strong svp e22 (A,B) and svp e300 (C) alleles are shown. Anterior is left, and dorsal is up. The mutant cells and tissue are marked by the absence of the pigment marker (visible as black dots in photoreceptors and yellow granules in pigment cells). Examples of wild-type ommatidia are marked with white arrows as are mosaic ommatidia with wild type appearance, e.g. with a mutant R4 in (A) or a mutant R1 cell in (C). In mosaic ommatidia R3/R4 photoreceptors are highlighted with white (wild type) or black (mutant) arrowheads. Note that whenever the presumptive R3 precursor is mutant the cluster adopts the wrong chiral form and the mutant cell behaves like an R4 cell (B,C). The presented examples are typical for the respective mosaic genotypes. Thirty-three clones of svp e22 and 23 clones of svp e300 were analysed. In all mosaic cases where only the R1/R6 pair was mutant (39 ommatidia) the polarity was normal, while in all normally constructed mosaic ommatidia with R3 mutant (seven) the chirality was reversed.
Correct R3 specification is necessary for normal ommatidial polarity
A detailed analysis of svp clones revealed typical polarity defects such as misrotations, incorrect chirality and symmetric non-chiral forms. These defects arise early in the eye imaginal disc, immediately posterior to the morphogenetic furrow and are thus primary defects, typical of those observed in tissue polarity mutants such as fz. Our data indicate that when the R3/R4 photoreceptors are not correctly specified, the polarity signal cannot be properly received or interpreted. Mosaic ommatidia with wild type (svp + ) R3 and R4 cells always adopt the correct polarity, independent of the genotype of the other cells in the cluster that require svp activity (R1/R6). These data indicate that the R1/R6 pair is not important for the polarity signal, and that the R3/R4 pair is largely sufficient to interpret the signal.
We also observe a correlation of the svp genotype in R3/ R4 and the adoption of correct polarity of the cluster, similar to what has been reported in the case of fz mosaic ommatidia. Interestingly, when one cell of the R3/R4 pair is mutant for svp, this svp − cell always adopts the R4 position. If this cell is positioned where the normal R4 precursor resides compared to R3 (polar within the developing cluster and posterior within the adult ommatidium), the cluster has the correct polarity. In contrast, when this cell is the equatorial (or anterior in the adult) the polarity is inverted with respect to its neighbours. This R3/R4 bias is reminiscent of what happens in fz mosaic R3/R4 pairs, where the fz − cell almost always adopts the R4 position. Based on the analysis and non-autonomy of fz − clones (Zheng et al., 1995) , it is believed that the polarity signal in the eye imaginal disc emanates from the equatorial midline directed towards each pole. Thus, when a photoreceptor precluster is exposed to the signal, the cell of the R3/R4 precursor pair that is closer to the equator will receive it first or at higher levels, and will adopt the R3 position. The other cell will adopt the R4 position. This model is supported by the behaviour of both fz and svp mosaic ommatidia (Zheng et al. (1995) and this study). A possible interpretation of our data is that the svp mutant cell is not able to receive the polarity signal or to interpret it (or to communicate with the other cell of the R3/R4 pair). Taken as a whole, these data indicate that svp activity in R3/R4 precursors renders them competent to respond to the Frizzled-mediated polarity signal. The molecular basis of the svp-associated polarity defects is not known. However, the propagation of the polarity signal is not affected in svp clones, since they show a strictly autonomous (within a single cluster) phenotype. Thus, it appears that the non-autonomous aspect of Fz in polarity signalling is not affected, indicating that Fz itself and other factors required for the signal propagation are normally expressed and functional in svp clones. Nevertheless, we cannot exclude that one or more components of the autonomous aspect of the Fz pathway are not expressed in svp mutant cells.
Too many R3/R4 cells per cluster affect polarity signalling
It was previously reported that mutations like argos and fat facets, which cause the development of ectopic photoreceptors of the R3/4 subtype, also show polarity defects in adult eye sections (Fischer-Vize et al., 1992; Freeman et al., 1992) . However, in these cases the analysis has not been carried out in the developing eye imaginal disc. Since these mutant ommatidia have an increased number of photoreceptors, this could interfere with their correct packing at the pupal stage, making it difficult to assess their polarity. In our analysis of the ro − genotype, the total number of photoreceptors per cluster is not increased, but the R2/R5 precursors differentiate as additional R3/R4 cells (Heberlein et al., 1991) . Moreover, by analysing the imaginal discs we have been able to show that this results from an early polarity defect rather than late packing problems. Our data indicate that the specification of additional cells as R3/R4 precursors leads to random polarity. These defects could arise because in a situation with too many R3/R4 cells within a cluster, there is crosstalk/competition for the R3 fate between more than two cells that confuses the cluster as a whole.
In summary, our analysis demonstrates that appropriate recruitment of the R3/R4 photoreceptor pair, mediated by svp, is a necessary prerequisite for the ability of the ommatidial precluster to respond correctly to the Frizzledmediated polarity signal.
Experimental procedures
Fly stocks and mosaic analysis
The svp alleles svp e22 , svp e300 (generated by ethyl methansulfonate-mutagenesis) were described in Mlodzik et al. (1990) . The two hypomorphic enhancer detector alleles svp 07482 (M. Mlodzik, unpublished data) and svp AE127 (Heberlein et al., 1991) show nuclear svp-lacZ expression.
The ro 1 and ro
1
, svp AE127 double mutant were as previously described (Heberlein et al., 1991; Tomlinson et al., 1988) .
To generate the clones in adult eyes and in imaginal discs we recombined the two svp alleles (svp e22 and svp
07482
) onto a chromosome carrying the FRT cassette at position 82B. The FLP/FRT technique was applied as described (Xu and Rubin, 1993) . Clones in the eye imaginal discs were marked by using a P(w + ,armLacZ) inserted at 83B, which provides expression of cytoplasmic b-gal in all imaginal disc cells. The mosaic analysis of adult clones for svp e22 and svp e300
were carried out using a P((w,ry)D3) stock, which carries a P(w + ) insertion at 90E as pigment marker. In this case clones were generated by X-ray irradiation with 1000 rad.
Histology
Antibody staining of eye imaginal discs and sections of adult retinae were performed as previously described (Tomlinson and Ready, 1987) . The rabbit polyclonal anti-b-gal antibody (Sigma, St. Louis, MO) was used at a 1/2000 dilution, and the rat anti-Salr antibody (a kind gift of Rosa Barrios and Fotis Kafatos) was used at 1/200. Imaginal discs were analysed with the EMBL Zeiss Confocal microscope.
